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Abstract. Heavy metal oxide contained glasses are very promising candidates in shielding and photonic materials. In this 
paper, we studied the effect of γ-ray irradiation on optical properties of Er2O3-Bi2O3-TeO2 glasses through UV-Visible 
spectrophotometer. After γ-ray exposure, the optical band gap decreases and Urbach energy increases, which is due to 
creation of defects within the glass network as a result increases the number of non-bridging oxygens.
INTRODUCTION
In recent years, there is an enormous research interest on gamma irradiated various types of glasses due to their 
prominent applications in space, nuclear power, windows, TV camera objectives and other radiation shielding 
materials [1]. High energy ionizing radiations such as X-rays, γ-rays, electron, proton, neutron, heavy ions and UV 
radiations are capable of inducing electronic as well as rearrangement damage in solids and particularly can produce 
various types of defects in glasses [2]. Phenomenal development in the gamma irradiation on glasses is defects induced 
by irradiation can cause strong absorption extending from the ultraviolet to the visible region. Therefore, the study of 
defect centers in glasses is a prerequisite to examine their suitability for nuclear shielding purposes as well as in 
radiation dosimetry applications [3]. Heavy metal oxides such as Bi2O3, PbO, etc., contained glasses are extensively 
used in the radiation shielding because of their resistance to high radiation, high absorption cross-section for radiation 
and also, small irradiation effects on their mechanical and optical properties [4]. In this paper, we reported the effect 
of gamma irradiation on optical parameters such as optical absorption, optical band gap and Urbach energy on erbium 
doped bismuth-tellurite glasses.
EXPERIMENTAL
Bismuth-tellurite glasses were prepared with the composition of xEr2O3-15Bi2O3-(85-x)TeO2 (x=0, 0.1, 0.2, 0.3, 
0.4 and 0.5 mol%, labelled as BTE0, BTE1, BTE2, BTE3, BTE4 and BTE5, respectively) using conventional melt 
quenching method. Appropriate stoichiometric amounts of the chemicals in powder form were used to synthesize the 
glass samples. In this investigation, we used a set of glass samples is exposed to γ-rays (60C) in a dose range 18.5 kGy 
at a dose rate of 5.2 kGy/h. The optical absorption measurements were carried out at room temperature using 
SHIMADZU UV-1800 UV-Visible spectrophotometer in the wavelength range 1100-200 nm. The optical absorption 
coefficient α(λ), was calculated from the absorbance ‘A’ and the thickness of the sample ‘d’ by using the following 
equation,
(1)
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RESULTS AND DISCUSSIONS
After the gamma irradiation, the glasses are often slightly different in color compared to the conventional glasses. 
From the present studied glasses also shows the variation of color from transparent yellow to brown, as can be seen 
in the inset figure 1(a). This brown color is shown by the shift of the absorption edge towards the longer wavelength 
after irradiation. The variation in absorption edge confirms the red shift after γ-ray irradiation, it can be clearly seen 
from the optical absorption spectra, as shown in the figure 1(a).
TABLE 1. Direct (ED) and Indirect (EI) optical band gap and Urbach energy (ΔE) of erbium doped bismuth-tellurite glasses
Glass 
Code
Direct band gap energy 
(ED)/eV
Indirect band gap energy 
(EI)/eV
Urbach energy 
(ΔE)/eV
Before 
irradiation
After 
irradiation
Before 
irradiation
After 
irradiation
Before 
irradiation
After 
irradiation
TBE0 2.54 2.49 2.03 1.84 0.37 0.42
TBE1 2.71 2.58 2.29 2.08 0.30 0.35
TBE2 2.73 2.64 2.37 2.13 0.28 0.33
TBE3 2.23 2.18 1.57 1.41 0.49 0.65
TBE4 2.46 2.34 1.84 1.58 0.44 0.54
TBE5 2.51 2.45 1.96 1.79 0.38 0.47
FIGURE 1. (a) Typical optical absorption spectra of both irradiated and unirradiated glasses (the inset figure shows the variation 
of color), (b) Typical plot of (αhν)2 versus photon energy (hν), (c) Typical plot of (αhν)1/2 versus photon energy (hν) and (d) 
Typical plot of ln(α) versus photon energy (hν) of Er2O3-Bi2O3-TeO2 glass system. 
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The absorption spectra of Er3+ doped bismuth-tellurite glass exhibits six bands from 1100 to 450 nm can be 
assigned to the ground state of Er3+, 4I15/2 to the excited states 4I11/2, 4I9/2, 4F9/2, 4S3/2, 2H11/2 and 4F7/2 transition 
corresponds to the wavelength 975, 796, 652, 543, 521 and 488 nm, respectively. There are no additional absorption 
peaks were found in the gamma irradiated samples. The optical absorption spectra were also used to estimate the 
optical band gap energy for both irradiated and unirradiated glass samples using the plot between (αhν)1/n versus 
energy (hν), where α is the absorption coefficient, h is the Plank’s constant, ν is the frequency and n is the index, 
which characterize the transition process. In general, the glassy materials only take the values n=1/2, for direct allowed 
and n=2, for indirect allowed transitions. In the present studied glasses well fitted to both direct and indirect allowed 
transitions, the values of the optical energy gap were determined from the tangential drawn to the curves of (αhν)2
versus hν and (αhν)1/2 versus hν plot at (αhν)2 = 0 and (αhν)1/2 = 0, respectively, which are shown in figures 1(b) and 
1(c), respectively. The calculated values of direct and indirect optical band gap for all glasses before and after 
irradiation are presented in table 1. Before and after irradiation, the variation of optical energy gap values with respect 
to Er2O3 mol%, indicated that the same trend of variation is observed in the present studied glasses, but with the 
shrinkage in the optical band gap. Which is most likely due to radiation damage caused by irradiation effect due to its 
distortion in network may take place from trigonal bipyramid [TeO4] (tbp) to trigonal pyramid [TeO3] (tp), which 
results in network to become less rigid and open structure of glass obtained. It has been assumed that high radiation 
dose breaks up the TeO4 (Te-O-Te) connectivity of the network and converts it into TeO3 (Te-O-Bi3+) units. As we 
know that, the valence electron of non-bridging oxygen (NBO) is excited more easily than that of bridging oxygen 
(BO). These kind of modification in the glass network helps to shift the absorption edge to the lower energy, which 
leads to a significant diminution in the optical band gap.
Urbach edge analysis is a very useful tool to examine the degree of disorder in the glass network, which is 
appearing in the region of photon energies below the forbidden gap. The Urbach energy (ΔE) values were calculated 
from the plots drawn between ln(α) and hν, as shown in figure 1(d), from these plots the values of ΔE could be obtained 
from the reciprocal of the linear region of the plots. The obtained values of both irradiated and unirradiated glass
samples are listed in table 1. From that table1, we can clearly observe that the ΔE value of each glass sample is 
increased after irradiation, this may be due to the creation of defects by charge trapping, atomic displacement, 
ionization, electronic defects or breaks in the network bonds [5].
CONCLUSIONS
In summary, the γ-ray irradiation shifts the absorption edge to a longer wavelength and the decrease of the optical 
band gap to lower energies, this related to the progressive increase in the number of non-bridging oxygens (NBOs). 
Consequently, this increase in NBOs gives rise to a shrinkage of bridging oxygens (BOs). The obtained Urbach energy 
values suggested that after irradiation the disordering of glass network increases. 
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